Background: Hemolytic uremic syndrome (HUS) is the most common cause of acute renal failure in young children. It is characterized by microangiopathic hemolytic anemia (MAHA), acute renal failure, and thrombocytopenia. Objective: This work aims to study causes, clinical presentation, annual incidence, and outcome of hemolytic uremic syndrome in children admitted to Pediatric Zagazig University Hospital. Subjects and methods: This is a descriptive study, carried out at Children hospital, faculty of medicine, Zagazig University during the period from January 2012 to January 2014.This study included 42 patients younger than 15 years with diagnosis of hemolytic uremic syndrome. Results: Most of cases were younger than 2 years of age (57%). Males (74%) were more affected than females (26%) and most of patients were detected during summer. The overall incidence in pediatric age group ( <15 years) was 1.2 per 100,000 children. Incidence was highest below 5 years old (2.69 per 100,000 children). Most of patients were presented clinically by bloody diarrhea, pallor, oliguria & anuria. Laboratory abnormalities included hemolytic anemia, thrombocytopenia, leukocytosis, hyponatremia, hypokalemia or hyperkalemia, metabolic acidosis, elevated blood urea and serum creatinine. Stool culture was positive in only 7 cases (17%).The mortality rate was 21.4%. Conclusion: Unfavorable outcome was associated with young age, anuria, intractable seizures, high WBC count more than 30,000 per mm3 ,and hyperkalemia above 5 m mol/ L.
INTRODUCTION
emolytic uremic syndrome (HUS) is diagnosed by combination of microangiopathic hemolytic anemia (MAHA), acute renal failure, and thrombocytopenia. It is the most common cause of acute renal failure in children [1] . The main histopathological feature is thrombotic microangiopathy (TMA), characterized by endothelial damage and formation of plugs containing platelet and fibrin. This induces ischemia, RBCs damage, and c thrombocytopenia [2] . HUS is classified into two types according to presence or absence preceding diarrhea. Diarrhea positive (typical) HUS and diarrhea negative (atypical) HUS [3] .
Typical HUS (tHUS) is mainly caused by enterohemorrhagic E-coli (EHEC) infection or shigella desentriae type 1 infection [4] .
Atypical HUS (aHUS) is mainly caused by other infections, complement factor abnormalities, drug exposure, malignancy, irradiation, or systemic lupus erythematosus [5] . The main features of HUS include microangiopathic hemolytic anemia (MAHA), thrombocytopenia, and acute renal failure. Peripheral blood smears reveal the presence of MAHA by fragmented RBCs (schistocytes, burr cells and helmet cells). The degree of renal involvement varies and determines the increase in blood urea, creatinine, potassium and phosphate [6] . The aim of this work is to study causes, clinical presentation, annual incidence, and outcome of hemolytic uremic syndrome in children admitted to Pediatric Zagazig University Hospital.
SUBJECTS AND METHODS This is a descriptive study, carried out at Children hospital, faculty of medicine, Zagazig University during the period from January 2012 to January 2014.This study included 42 patients younger than 15 All children included in this study were subjected to full history taking, thorough clinical examination, laboratory investigations in the form of CBC (complete blood count), reticulocytic count, peripheral blood smear for features of hemolysis, Coombs' test, kidney and liver function tests, PT (prothrombin time), PTT (partial thromboblastin time), routine stool analysis (physical and microscopic examination), stool culture, routine urine analysis urine culture, arterial blood gas analysis (ABG), blood glucose level, serum sodium, and serum potassium, blood culture, complement (C3) concentration, anti-nuclear antibody (ANA) titre, Anti-ds-DNA antibody titre, hepatitis B surface antigen (HBs Ag), hepatitis C virus antibody (HCV-Ab). Radiological investigations in the form of plain chest radiography and pelvi-abdominal ultrasonography were done also for all patients. As regard treatment given to our patients, 37 patients (88%) received packed RBCs transfusion. Plasma infusion 10 mg/kg twice daily was given to 41 patients (98%) for 5-14 days. 36 patients (86%) were subjected to hemodialysis for 2 -14 sessions. Antibiotics were avoided specially in patients with history of diarrhea.
STATISTICAL ANALYSIS Data collected throughout history, basic clinical examination, laboratory investigations and outcome measures coded, entered and analyzed using Microsoft Excel software. Data were then imported into Statistical Package for the Social Sciences (SPSS version 20.0) software for analysis. According to the type of data qualitative represent as number and percentage , quantitative continous group represent by mean ± SD , the following tests were used to test differences for significance. Differences between frequencies (qualitative variables) and percentages in groups were compared by Chi-square test. P value was set at <0.05 for statistically significant (s) results & P value <0.001 for highly statistically significant (HS) result. P value > 0.05 was considered as nonstatistically significant (NS). Data were collected and submitted to statistical analysis . RESULTS The study was performed at the nephrology unit and intensive care unit, Children hospital, Pediatrics and Clinical Pathology departments, faculty of medicine, Zagazig University during the period from January 2012 to January 2014 . Forty two children who were diagnosed as HUS were included in the present study. The overall incidence of hemolytic uremic syndrome of children in pediatric age group ( <15 years) was 1.2 per 100000 children. The annual incidence of HUS was highest below 5 years old (2.69 per 100000 children). Most of cases were younger than 2 years of age (57%). Males (74%) were more affected than females (26%) and most of patients were detected during summer. The majority of patients (83%) presented with history of diarrhea. Bloody diarrhea was described in 71% of patients while non-bloody diarrhea was described in 12% of cases. However 17% of patients presented without history of diarrhea. Decreased urine output was found in all patients (100%), and 31% of patients had complete anuria. www.zumed.zu.edu.eg
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About 7% of patients presented with intractable generalized convulsions. All the patients presented with pallor which was severe in 10 (24%) patients. 38% of patients presented with edema. We noticed ascites in 7% patients, hepatomegaly in 12% of cases and absent bowel sounds in 5% of patients.
Neurological manifestations as headache, convulsions, disturbed conscious level and irritability were present in 10 (24%) patients.
Chest examination revealed diminished air entry and crepitations in 3 (7%) patients. Cardiovascular system manifestations were found in 3 (7%) cases. One patient showed cardiomegaly and two patients showed signs and symptoms of congestive cardiac failure. Leukocytosis (> 15000/mm3) was found in 67% cases. The platelet count range from 13500 to 30400 with mean count as 84600 per mm3. Nine patients (21%) had platelet count less than 50000 per mm3. Nine patients (21%) had severe anemia (< 5 g/dL) and the mean hemoglobin was 6.7 g/dL and range of hemoglobin level was from 4.3 to 9.2 g/dL. The mean reticulocytic count was 2.25%. Direct Coombs test was negative in all cases (100%) and blood film showed fragmented RBCs in all cases (100%). Positive blood culture was noticed only in three patients (7%); pseudomonas aeruginosa in one case, Streptococcus pneumoniae in the second, and klebsilla pneumoniae in the third case. All patients had normal PT (prothrombin time ) and PTT (partial thromboplastin time). www.zumed.zu.edu.eg 91% of patients had hyponatremia and only 2% of patients had hypernatremia . Also, 45% of cases had hypokalemia and 26% of cases had hyperkalemia. Metabolic acidosis with low PH and low bicarbonate was observed in 28 cases (67%). High serum creatinine level above 1 mg/dL was noticed in all cases (100%) and was higher than 5 mg/dl in 26% of cases. All patients (100%) showed high blood urea level, and in 62% cases, the blood urea was above 150 mg/dL. In routine stool examination, RBCs were found in 4 cases (9%), and pus cells were detected in 6 cases (14%). We noticed entamaeba histolytica cysts in 5 patients (12%) and giardia lamblia cysts in 7 patient (16%). Routine stool examination was normal in 20 patients (47%). Stool culture was positive in only 7 cases (17%); Klebsilla pneumoniae in 2 cases, Shigella in one case, Pseudomonas aeruginosa in one case, www.zumed.zu.edu.eg

Enterobacter in one case, Acenitobacter baumanii in one case, and in one case Candida was grown.
In urine examination, significant albuminuria (>++) was found in 5 cases (12%), while mild proteinuria was detected in 16 cases (38%). We found microscopic hematuria (> 5 RBCs/HPF) in 20 cases (48%) and pyuria (> 5 pus cells/ HPF) in 6 cases (14%). In 3 patients (7%), we detected epithelial cells and in 2 patients (5%), we observed granular casts. Positive urine culture was found in 2 cases (5%); E. coli in one case, and klebsilla pneumoniae in the other.
C3 level was low in 9 cases (21%), while C3 level was normal in 33 cases (79%). Antinuclear antibody level (ANA) and Antids-DNA titre were negative in all patients (100%). Hepatitis markers (HBs Ag and HCV Ab) were also negative in all patients(100%).
As regard treatment given to our patients, 37 patients (88%) received packed RBCs transfusion. Also, plasma infusion 10 mg/kg twice daily was given to 41 patients (98%) for 5-14 days. Only one case that was suspected to have pneumococcal HUS did not receive plasma infusion. 36 patients (86%) were subjected to hemodialysis for 2 -14 sessions. Five patients (12%) improved without the need for dialysis and one patient (2%) died before initiation of dialysis. Antibiotics were avoided specially in patients with history of diarrhea. However, 26 cases (62%) had history of antibiotic treatment before admission to our hospital either in outpatient clinic or in secondary hospital before diagnosis and referral. Unfavorable outcome was associated with young age (P value <0.05), high WBC count more than 30000 per mm3 (P value < 0.001), low platelet count less than 50000/mm3 (P value < 0.001), high blood urea above 250 mg/dl (P value < 0.001), high serum creatinine above 5mg/dl (P value < 0.001), low PH of the blood < 7.2 (P value < 0.001), and hyperkalemia above 5 m mol/ L (P value < 0.001). www.zumed.zu.edu.eg This table shows highly significant association between unfavorable outcome and anuria (P value < 0.001). Also, there is significant association between unfavorable outcome and intractable seizures (P value < 0.05) and there is significant association between unfavorable outcome and positive blood culture (P value < 0.05). However there is no significant association with other parameters. www.zumed.zu.edu.eg This table shows that there is no significant association between diarrhea and positive stool culture (P value > 0.05). DISCUSSION Hemolytic uremic syndrome (HUS) is the most common cause of acute renal failure in young children . The present study aimed to calculate the annual incidence of HUS and to observe variable clinical manifestations, laboratory abnormalities and the outcome of HUS patients. The present study was performed in a tertiary care centre at nephrology unit and intensive care unit, Children hospital, Pediatrics and Clinical Pathology departments, faculty of medicine, Zagazig University over a period of 2 years. In the present study, we noticed that the overall incidence of hemolytic uremic syndrome of children in pediatric age group (<15 years) was 1.2 per 100,000 children. Similar to our results, Noris and remuzzi observed that the overall annual incidence of HUS was 1-2 cases per 100,000 children [7] . In our study, the annual incidence of HUS was highest below 5 years old (2.69 per 100,000 children). However HUS incidence was 0.516 per 100,000 children between 5 -10 years and 0.35 per 100,000 children between 10-15 years. Similar to our results, Tarr et al., noticed that the annual incidence of HUS was higher in young children and that age specific incidence was 3.1 per 100,000 children for Canadian children younger than five years [8] . Tozzi et al., also reported higher incidence of hemolytic uremic syndrome in Italian children below five years (1.68 cases per 100,000 population) [9] .
Also, Elliott et al., reported HUS in
Australian children younger than five years as 1.35 per 100,000 population [10] . In the present study, we found that the majority (57%) of the cases were younger than two years, and most of them (76%) were below the age of five years. Similar to our results, Srivastava et al., also found that most of their patients (59%) were younger than the age of two years and 92% of their patients were younger than five years. We also found that males patients (74%) were more than females patients (26%) and male to female ratio was 2.8: 1. Similar to our results, Srivastava et al., also noticed that males (72.6%) were more affected than females and observed that male to female ratio was 2.5: 1 [11] . However, Jodele et al., observed equal affection of males and females and reported more severe disease in female patients [12] . In the present study, we found that the most of our cases(79%) were detected in summer (from April to September), which is similar to other studies where the authors noticed that hemolytic uremic syndrome occurred more frequently during summer months. For example, Taylor et al.,
in their study reported that the incidence of HUS was higher in warmer months, especially from June to September [13] . However, Brandt et al., reported that North West epidemic did not occur in summer [14] . Siegler and Oakes also noticed that most of their patients had oliguria and that about 50% www.zumed.zu.edu.eg
